Adrian Gill's (1968) model of the Antarctic Circumpolar Current (ACC) is reinterpreted for a stratified, reduced-gravity ocean, where the barotropic streamfunction is replaced by the pycnocline depth, and the bottom drag coefficient by the Gent and McWilliams eddy diffusivity. The resultant model gives a simple description of the lateral structure of the ACC that is consistent with contemporary descriptions of ACC dynamics. The model is used to investigate and interpret the sensitivity of the ACC to the latitudinal profile of the surface wind stress. A substantial ACC remains when the wind jet is shifted north of the model Drake Passage, even by several thousand kilometers. The integral of the wind stress over the circumpolar streamlines is found to be a useful predictor of the magnitude of the volume transport through the model Drake Passage, although it is necessary to correct for basin-wide zonal pressure gradients in order to obtain good quantitative agreement.
Introduction
h is the layer thickness, τ s is the surface wind stress, ρ 0 is a reference density 139 and r is the linear drag coefficient. The linear drag is required to satisfy the no- of h, i.e., points that might be considered "outcropped"; this is equivalent to 165 introducing an additional volume source at such points through the term Λ in 166 (2.2), equivalent to buoyancy gain. is the long Rossby wave speed, δ s = r/β is the Stommel boundary layer width 171 (Stommel, 1948) , and w ek = k · ∇ × (τ s /ρ 0 f ) is the Ekman upwelling velocity 172 (Ekman, 1905) . 2.2. Relation to Gill (1968) Equation (2.4) is virtually identical to (2.6) of Gill (1968) for a flat-bottomed,
191
barotropic ocean, except that:
192
• Gill solves for the barotropic streamfunction in (2.6) whereas we solve
193
for the pycnocline depth, h, in (2.4), from which the depth-integrated 194 circulation can be inferred using (2.1);
195
• (2.4) is nonlinear since the long Rossby speed, c, is proportional to the 196 layer thickness;
197
• the boundary condition (2.3) involves a linear combination of normal and 198 tangential gradients whereas a Dirichlet boundary condition is applied in
199
Gill (1968);
200
• the inclusion of buoyancy forcing, Γ, on the right-hand side of (2.4), to
201
allow for outcropping at the southern margin of the domain;
202
• the linear drag coefficient in Gill is replaced by
where the latter eddy diffusion term dominates in our model;
204
• κ gm is tapered to zero at the boundaries in order to ensure no normal 205 eddy bolus transport.
206
Thus, the present model might be interpreted as Gill (1968) after a "makeover"
207
to bring it up-to-date with contemporary descriptions of ACC dynamics involv-
208
ing eddy bolus fluxes and the pycnocline depth. Despite the differences between 209 the two models, their solutions have a lot in common. 
216
The wind stress has the same generic spatial profile:
However, the latitudinal extent and strength of the wind is varied through the 218 parameters τ 0 , y s and y n , as summarized in Table 1 . The calculations are clus- 
230
In each experiment, the layer thickness is pinned to h 0 = 10 m on the south- 
245
The equilibrium layer thickness at the northern edge of Drake Passage and 246 the Drake Passage volume transport are listed in the final two columns of Table   247 1. In the following sections, we discuss the lateral structure of a typical solution, In this section, we discuss the lateral structure of a typical solution, W042, 
h dp (m) T dp (Sv) W010 Red shading corresponds to negative values, i.e., processes that deepen the pycnocline or warm the ocean; blue shading corresponds to negative values, i.e., processes that shallow the pycnocline or cool the ocean.
and "frictional" upwelling (equivalent to the frictional vorticity sink), 
267
The transport streamfunction is defined such that
where hu includes the Ekman transport velocity and it is implicitly assumed this is the standard equation for diffusion of a tracer from an initial point source.
299
The solution, easily confirmed by direct substitution, is
where y dp = y 0 /4 is the value of y at the northern tip of Drake Passage. Finally,
301
(4.8) can be integrated across the jet to give the solution for the layer thickness,
(y−y dp ) , (4.9)
where erf{· · · } is the error function (e.g., page 297, Gautschi, 1964) .
303
Taking the argument of the error function to be ±1 allows us to estimate 
Basin interior

320
Away from the boundaries, the circumpolar current satisfies an approximate In the western boundary current, but outside the frictional sublayer within 333 which κ gm → 0, the elliptic equation (2.4) is well approximated by
(4.12)
The solution is the well-known Stommel (1948) 1650  1700  1750  1800  1850  1900  1950  2000  2050  2100  2150  2200  2250  2300  2350  2400  2450 In the first solution, W014 (Fig. 6) , the wind forcing is confined to the southern boundary where this is imposed through the boundary condition.
420
In the second solution, W124 (Fig. 7) , the wind forcing is entirely to the In the third and fourth solutions, W234 (Fig. 8) and W344 (Fig. 9) , in 442 which the wind forcing is shifted even further north, a similar regime to the 443 second solution persists, except that the southward deflection of the circumpolar 444 current occurs over a larger area and there is some retroflection of the current.
445
In each case, the narrow outcropped region migrates northward with the wind 
Zonal momentum budget
450
The net meridional volume transport, equivalent to the zonal momentum Coriolis parameter.
478
The result that a large circumpolar transport remains when the wind is The Drake Passage volume transport is well approximated by:
486
T dp = dp hu dy ≈ − g r h 2 dp 2f dp , (6.1)
where the integral is evaluated across the model Drake Passage and h dp and 487 f dp are evaluated at the northern edge of Drake Passage (where the streamlines 488 are concentrated). In deriving (6.1), the velocity has been approximated as 489 geostrophic and the layer thickness neglected to the south of Drake Passage.
490
Note that f dp is negative and thus T dp is positive. 2) is integrated, bounded by the streamlines that touch the northern and southern extremes of the model Drake Passage. These streamlines are, in turn, approximated by the geostrophic streamlines (layer thickness contours), except close to the western boundary where, due to the pressure drop across the basin, it is necessary to connect the northernmost layer thickness contour to the western boundary. See the text for further details. 
503
The result, neglecting the frictional term, is
Assuming the left-hand-side of this equation approximately vanishes, which 504 holds provided there is no residual northward transport (in which case a stream-
505
line cannot be defined), and neglecting the geostrophic term, a theoretical pre-506 diction is obtained for the layer thickness at the northern tip of Drake Passage, 507 h dp ≈ 1
from which a prediction of T dp follows using (6.1). This is the result of Allison 
515
An improved prediction of the circumpolar transport can be obtained by retaining the geostrophic term,
This is tested against the diagnosed model values in the central panels of Fig.   516 13. Note that most of the scatter is now removed, except for the cases in which 517 the wind stress is located far north of the model Drake Passage.
518
In these latter cases, some of the discrepancy can be explained by noting h dp ≈ 1 (ii) additionally correcting for the diagnosed northward geostrophic transport; (iii) further correcting for the diagnosed residual transport across Drake Passage. Blue points correspond to wind profiles where the peak wind stress lies at y ≤ L/2, cyan points where the peak wind stress lies in the range L/2 < y < 3L/4, and green points where the wind stress lies at y ≥ 3L/4. The three magenta points corresponds to the calculations in which the drag coefficient is increased (the control value lying on the dashed line), and the red points to the two additional calculations in which the Gent and McWilliams eddy diffusivity is increased and decreased. down when the latitude of the peak wind stress is not well defined (not shown).
545
In reality, the eddy diffusivity will vary strongly across the ACC and hence 546 the main value of these predictions is pedagogical, in illustrating that there is a 547 relation between the volume transport of the ACC and a (weighted) integral of 548 the wind stress forcing, rather than any practical predictive skill. 
566
We hope this work will restore Gill (1968) basin interior, the finest grid spacing being 0.9 km adjacent to the boundaries.
634
To maintain a structured grid, the same grid spacings are also applied within 635 the Drake Passage latitude band.
636
We rewrite (2.2) as a finite-difference diffusion equation on a C-grid with a note that the advective transport on the boundary can be simplified using the 
